Squamous cell carcinoma (SCC) of the buccal mucosa is an aggressive oral cancer. It mainly occurs in Central and Southeast Asia, and is closely related to the practice of tobacco smoking and betel squid chewing. The high recurrence and low survival rates of buccal SCC require our continued efforts to understand the pathogenesis of the disease for designing better therapeutic strategies. We used proteomic technology to analyze buccal SCC tissues aiming at identifying tumor-associated proteins for the utilization as biomarkers or molecular targets. With the exception of alpha B-crystallin being substantially reduced, a number of proteins were found to be significantly over-expressed in cancer tissues. These increased proteins included glycolytic enzymes, heat-shock proteins, tumor antigens, cytoskeleton proteins, enzymes involved in detoxification and anti-oxidation systems, and proteins involved in mitochondrial and intracellular signaling pathways. These extensive protein variations indicate that multiple cellular pathways were involved in the process of tumorigenesis, and suggest that multiple protein molecules should be simultaneously targeted as an effective strategy to counter the disease. n please check sentence n SCC antigen, G protein, glutathione S-transferase, manganese superoxide dismutase, annexins, voltage-dependent anion channel, cyclophilin A, stratifin and galectin 7 are candidates for targeted proteins. The present findings also demonstrated that rich protein information can be produced by means of proteomic analysis for a better understanding of the oncogenesis and pathogenesis in a global way, which in turn is a basis for the rational designs of diagnostic and therapeutic methods.
Introduction
Oral cancers represent a major health problem worldwide and are the most common forms of cancer in Central and Southeast Asia. Squamous cell carcinoma (SCC) of the tongue and the buccal mucosa is the most common type of oral cancers. Buccal SCC tends to be more aggressive than those originating in other parts of the oral cavity, with a high rate of locoregional recurrence and poor survival [1] . Epidemiologic studies suggested that the incidence of oral SCCs is closely related to the practice of tobacco smoking together with nut, lime and betel squid chewing [2] . The major constituents of tobacco and betel squid are believed to cause inflammation and DNA damage, which may lead to malignant transformation. Traditionally, the treatment of oral SCC consisted of surgery, combined with postoperative radiotherapy and chemotherapy. Research data suggested that early surgical intervention and withdrawal from oral habits are beneficial to patient survival [3] . With present clinical assessment and treatment methods, patients are often diagnosed at late stages and the survival rate has not improved substantially. This highlights the necessity for continued efforts to discover suitable biomarkers for early diagnosis of the disease, and to understand its pathogenesis as a first step in improving methods of treatment.
G A L L E Y P R O O F
We have recently identified tumor-associated proteins in oral SCCs by means of proteomic technology. These tumor-associated proteins can be further evaluated as potential biomarkers for clinical diagnosis and as targeted proteins for pathogenetic investigations. Following proteomic analysis of tongue SCC [4] , the present study focuses on proteomic variations in buccal SCC. Tumorigenesis involves multiple pathological transformations, leading to the alterations of proteins that play functional roles in the process. Proteomic alterations should therefore, hold detailed information regarding the biology of the disease. Our current findings demonstrated the involvements of multiple pathways in buccal SCC, with a number of tumor-related proteins showing changes in their expressions. The discovery of these potential biomarkers and molecular targets for cancer diagnostics and therapeutics has the potential to significantly change the clinical approach and outcome of the disease.
Materials and methods

Tissue and sample preparation
Ten pairs of surgical specimens of primary SCC of buccal mucosa and adjacent normal mucosa were collected from Queen Mary Hospital (University of Hong Kong) Hong Kong, China and stored in a deep freezer (2807C) until use. The study was approved by the University's ethics committee. All patients gave their consent in writing for the donation of tissue and blood for research purposes. The study included five male and five female patients, whose ages ranged from 53 to 81 years. The AJCC pathologic stages were 2 T1, 5 T2, and 3 T3. Table 1 lists detailed histological data for the tissue samples used. Fig. 1 provides a representative histological picture showing a pair of matched tissue samples side by side. Overall, the tumor specimens contained 68 6 21% tumor cells. Total proteins were extracted from the tissues according to a procedure described previously [4] . The protein concentration of each sample was determined by the Bradford method and the protein samples were stored at 2807C in aliquots.
2-DE
2-DE was carried out with Amersham Biosystems IPGphor IEF and Ettan Dalt six electrophoresis units (Amersham Biosciences, Uppsala, Sweden) by following the protocol described previously [5] . Protein samples (150 , 200 mg) extracted from tumor center and surrounding histologically normal mucosa were applied to the 2-DE and run side by side in pairs. Electrophoresis was performed in triplicate for each sample pair to ensure reproducibility. All gels were visualized by silver-staining [5] .
Image analysis and MS peptide sequencing
Image acquisition and analysis were performed with an ImageScanner (Amersham Biosciences) and ImageMaster 2D Elite software (Amersham Biosciences) [5] . Comparisons were made between gel images of individual tumor and control samples. Normalized volume differences were statistically calculated for all ten cases. Consistently and significantly different spots were selected for analysis with MALDI-TOF MS. Protein spots were cut out of gels in small pieces and subjected to in-gel tryptic digestion overnight [5] . Peptide mass spectra were recorded and parameters for spectra acquisition were used as stated previously [5] . In database protein matching using MS-Fit (http://prospector.ucsf.edu/), 25 ppm or better mass accuracy and MOWSE scores over 200 were obtained in most of the analyses. Duplicate or triplicate runs were performed to ensure an accurate analysis. Western blotting was performed to confirm the specificity of the identified proteins, if necessary. 
2-D Western blotting
Protein samples were run on 2-D gels using identical conditions as described for 2-DE in section 2.3. The separated proteins in the corresponding areas from gels were transferred onto PUDF membranes and incubated overnight at 47C with a blocking buffer containing TBST (Tris-buffered saline, 0.1% Tween 20) and 5% nonfat dry milk. Membranes were washed with TBST and incubated with monoclonal or polyclonal antibodies at a 1:500 or 1:1000 dilution for 1 h at room temperature or overnight at 47C. After washing again with TBST, the membranes were blotted with a secondary antibody conjugated with horseradish peroxidase at a 1:10 000 dilution for 1 h, and then detected by enhanced chemiluminescence (Pierce, Rockford, IL, USA) for 1 min. Figure 2 is a typical 2D gel image for the tumor tissue of buccal SCC. More than 1200 protein spots were separated in a 13616 cm gel, with M r ranging from 10 to 200 kDa and pI from 4 to 10. Compared to the 600 protein spots detected in tongue SCC [4] , significantly more proteins were observed in buccal SCC. Furthermore, the patterns of the protein profiles between these two SCCs are totally different, suggesting that different proteins and functional pathways may be involved in the two cancers. Highlighted in squares are the seven areas where significant and consistent volume differences of protein spots were found when comparisons were made between normal and tumor tissue samples. Except for one protein (alpha B-crystallin, Cryst-B) that was almost below the level of detection in tumor tissue, all other identified proteins were substantially up-regulated in SCC samples. Table 2 lists the proteins identified after in-gel digestion, MALDI-TOF MS measurement and database searching. gels with M r lower than the matched full-length proteins. These three polypeptides are fragments of heat shock protein 70 (HSP70), gamma-actin and cytokeratin 6B, respectively. The protein identification of these three fragments was justified by the fact that the matched peptides are concentrated in certain parts of the protein sequences.
Results
Only three proteins were identified to have similar trends of alteration in both tongue and buccal SCCs, with Cryst-B being down-regulated and HSP27 and mitochondrial ribosomal protein (MRP)-L13 being up-regulated in cancer tissues. It should be pointed out that the previously identified protein, nuclear FMRP interacting protein 1, in tongue SCC [4] is actually MRP-L13. This strongly overexpressed protein spot consistently appeared in both tongue and buccal tissues (Fig. 2 , Area VII), but MS fingerprinting with trypsin-digested peptides did not produce a satisfactory match with low sequence coverage and MOWSE score [4] . Moreover, FMRP binding protein is not involved in tumorigenesis [4] . We therefore used chymotrypsin instead of trypsin in the in-gel digestion! n The resulting MS peptide fingerprint was satisfactorily matched to protein MRP-L13 (Table 2) . Figures 3-6 display the detailed protein alterations between SCC and matched normal tissues. Compared to those in normal tissue, all identified proteins, except Cryst-B, were found to be significantly increased (11.5-9.1-fold) in SCC tissue, while Cryst-B was dramatically decreased (-12.3-fold) in cancer tissue. These over-expressed proteins can be classified into several categories based on their functions, including glycolytic enzymes, HSPs, detoxification and anti-oxidation proteins, cytoskeleton proteins, proteins involved in mitochondrial and intracellular signaling pathways, and tumor antigens. Table 3 summarizes the proteins and their functions, corresponding areas in the 2-D gel, and fold differences in buccal SCC compared to the control.
Among the proteins identified, enolase, annexin A2 and stratifin were found to have isoforms or cleaved polypeptides. While enolase had an isoform pattern (Fig. 3 ) similar to that previously seen in other tissues, annexin A2 and stratifin presented unique profiles of isoforms in buccal cancer tissue (Figs. 6 and 7). As indicated in Fig. 6 , four spots, all elevated in cancer, were identified as stratifin, with the two spots in the lower M r region being C-terminal truncated peptides as evidenced by MS fingerprinting sequencing. Detailed analysis of the MS spectra of tryptic peptides with possible modifications found that lysines at positions 68 and 77 can be methylated and threonine at position 165 can be phosphorylated, accounting for the the present buccal SCC is the first of apoptotic imbalance. SCC antigen, a member of the serine proteinase inhibitor family, inhibits apoptosis and migration of natural killer cells by interacting with target proteinases [6] [7] [8] [9] . Although it is also expressed in the intermediate layer of the normal squamous epithelium, the SCC antigen was found to be highly up-regulated in various SCC cancers, including those in the uterine cervix, lung, esophagus, head, neck, and skin [8, 10] . Our current observation reinforces the characteristic of SCC-antigen as a specific tumor marker for SCC. Another sign of the aberrant cell proliferation in buccal SCC is the increased energy requirement for cell differentiation, indicated by the upregulation of five glycolytic enzymes (phosphoglycerate mutase, enolase, pyruvate kinase TPI and glyceraldehydes-3-phosphate dehydrogenase). Glycolysis is an energy generation pathway, active in all differentiated cell types in multicellular organisms. Elevated expression and activities of glycolytic enzymes have been detected in various malignant tumors such as lung, colon, liver and breast carcinomas [11] [12] [13] .
A significant increase in guanine nucleotide binding protein (GNBP) is also detected during malignant cell transformation in buccal SCC. GNBP, also called G proteins, belong to the Ras superfamily which consists of the Ras, Rho, and Arf families. The protein members of this family are widely involved in human tumorigenesis, either through activating mutations or by over-expression to induce cell transformation [14, 15] . It has been shown that oncogenic mutations of Ras proteins, through farnesyl protein transferase-catalyzed farnesylation, are prevalent in many human cancers [15] , indicating that G proteins are potential drug targets in cancer therapy where Ras farnesylation can be blocked by introducing inhibitors of farnesyl protein transferase [15] . 
G A L L E Y P R O O F
Self defense in buccal SCC
Cells contain a number of antioxidant, antitoxic and antiinflammatory defenses [16, 17] . Aberrant increases in the levels of proteins related to stress, detoxification, and anti-oxidation in buccal SCC imply the stimulation of cell defense systems in response to malignant transformation. HSPs are well-known antistress proteins. HSP over-expression usually correlates with harmful insults to the cell [18] . HSPs may offer a protective advantage through their functions as molecular chaperones. In vitro experiments have also demonstrated that HSP27 and HSP70 protected mitochondria against injury by inhibiting cytochrome c-mediated procaspase 9 processing [19, 20] . In contrast, Cryst-B often displays a different behavior in response to stress. Cryst-B has been shown to negatively regulate cytochrome c-and caspase-8-dependent activation of caspase-3 [21] . Reduced expression of Cryst-B has been found in various tumors [4, 22, 23] . The dramatic suppression of Cryst-B expression observed in the buccal SCC once again reflects the distinctive role the protein plays which is different from HSPs in the process of carcinogenesis. GST and aldoketo reductase (AKR) belong to two main cytosolic enzyme families involved in the detoxification processes. GSTs catalyze the glutathione conjugation reaction with eletrophilic compounds and carcinogens [24] , while AKRs catalyze the NADPH-dependent reduction of a large variety of xenobiotic and endogenous toxic compounds [25, 26] . n please check sentence n The upregulation of GST and AKR in buccal cancer corresponds to the activation of self-protective mechanisms in cells involved in the tumorigenetic processes. Overexpression of GSTs and AKRs have also been detected [27] [28] [29] and carcinomas [30] [31] [32] . These proteins may therefore serve as potential tumor markers and drug targets.
The elevation of manganese superoxide dismutase (MnSOD) implies that the well-known antioxidant defense system has been stimulated. Numerous studies have suggested that MnSOD protects cells from injury and suppresses tumor growth [33] [34] [35] . Over-expression of MnSOD has even been tested as an anti-oral SCC therapy [36] [37] [38] . Up-regulation of annexin A1, A2 and A5 is another indicator of cell's effort to protect itself. Annexins are water soluble proteins that function as Ca 21 channels and regulate membrane fusion, a process underlying organelle biogenesis and cell division [39] . Although its physiological function in vivo is largely unknown, in vitro annexins exhibited anti-inflammatory [39, 40] and tumor suppression activities [40, 41] . Several recent proteomic studies identified significant over-expressed of annexin A5 in head, neck and skin SCC tumors [42, 43] , indicating that it may be a specific SCC biomarker. In contrast annexin A1 and A2 were found to have reduced expressions in prostate [44, 45] and esophageal carcinomas [46, 47] but were up-regulated in head and neck SCC cells [48] . These findings and our present observations suggest that over-expression of annexin A1, A2 and A5 is a phenomenon specific to oral SCC.
Mitochondrial-mediated apoptosis
The remarkable elevation in the expression of three mitochondrial proteins (voltage-dependent anion channel VDAC) 2, MnSOD and MRP-L13) reflects the involvement of mitochondrial mediated apoptosis in buccal carcinogenesis. Recent studies on apoptosis signaling cascades have revealed that mitochondria play a central role in regulating apoptosis [49] [50] [51] [52] . The release of cytochrome c and other proapoptotic proteins from mitochondria is an important hallmark for apoptosis initiation. The release of cytochrome c and proapoptotic protein takes place through VDACs on the outer membranes of mitochondria, signaling the activation of death-promoting proteolytic enzymes known as caspases, which induce apoptosis. n .. please rewrite sentence n VDACs serve as a death signal-convergence point to facilitate the release of cytochrome c and initiation of apoptosis by increasing expression levels. Mitochondrial VDACs have therefore been proposed as therapeutic targets for triggering cell death and thus suppressing tumor growth [53] .
As stated above, MnSOD can protect cells from injury. This protection effect originates from the ability of MnSOD to convert reactive oxygen species (ROS) which have been implicated in signal transduction and carcinogenesis. In cells, the mitochondrial respiratory chain is the major site for ROS production [54, 55] and MnSOD is the major enzyme in mitochondria responsible for decomposition of ROS [56, 57] . Mitochondrial ROS play an important role in apoptosis because they can readily influence mitochondrial function without having to diffuse a long way from the cytosol [58, 59] . It has been shown that MnSOD overexpression alters the redox environment in mitochondria and the metabolic capacity of the cell, leading to inhibition of cell growth [60] . MRPs, together with two RNA molecules, comprise the mitochondrial translation machinery for the biosynthesis of proteins encoded by mitochondrial DNA. The observed increases in mitochondrial proteins may therefore be closely related to over-expression of MRPs. Increasing data have demonstrated that MRPs are also involved in apoptosis induction [61] [62] [63] and tumor suppression [63, 64] . One MRP, death-associated protein 3, is actually a proapoptotic protein released from mitochondria [62] , implying the direct involvement of MRPs in mitochondrial mediated apoptosis.
Intracellular signaling pathways
The substantial up-regulation of the proteins cyclophilin A (CyP-A), stratifin and galectin 7 provides evidence for the involvement of intracellular signaling pathways in buccal tumorigenesis. CyP-A is a member of the family of immunophilin proteins, extensively studied for their role in cellular signaling pathways [65, 66] . By forming complexes with various immunosuppressive drugs, notably Cyclosporin A, CyP-A inhibits T-cell receptor-mediated signal transduction and thus regulates T cell activation [65, 67, 68] . CyP-A has also been shown to possess chaperone characteristics: it is secreted by cells in response to inflammatory stimuli and can modulate protein folding [66, 69] . The numerous activities that CyP-A exerts in cellular growth and differentiation, transcriptional control and cell signaling suggests that it may play a unique role in an important aspect of oncogenesis. CyP-A over-expression has recently been detected in nonsmall cell lung cancer [70] and hepatocellular carcinoma [71] .
Stratifin, also a molecular chaperone, is known as tumor suppressor protein 14-3-3 sigma. It plays significant roles in a number of cellular activities, such as cell cycle progression, growth, differentiation and apoptosis, by regulating various cytoplasm signaling pathways. Stratifin is a negative cell cycle regulator that reduces cell growth by causing G2 arrest [72, 73] . This activity, together with its absence in breast cancer, suggests that it contributes to breast tumor growth [72, 74] . In addition, decreased expression of stratifin was found in neuroendocrine lung tumors [75] and in bladder SCC [76] . However, a recent study revealed that stratifin is expressed at high levels in several skin diseases including SCC [77] . We also observed this unexpected phenomenon in the present study with buccal SCC: strong stratifin over-expression was observed for the intact molecule as well as all phospharylated and truncated forms of stratifin. The pathological meanings of the different expressions of stratifin in different cancers may be an intriguing subject for further investigations. Galectin 7 is another apoptosis regulator that functions intracellularly through the JNK signaling pathway to influence cell growth and differentiation [78, 79] . Similar to its family member galectin 1, galectin 7 may also possess dual characteristics associated with pro-and anti-tumoral activities at different stages of tumor progression [80] . This explains why the expression level of galectin 7 was significantly increased in chemically induced mammary carcinogenesis [81] but markedly decreased in thyroid lesions of adenomas [80] . Reconciled with the elevated expression of galectin 7 in well-differentiated bladder SCC [76] and lymphoma [82] , the strong up-regulation of the protein in this study may reflect the aggressiveness of buccal SCC.
Concluding remarks
Our current findings clearly demonstrated that multiple pathways and systems are involved in SCC tumorigenesis. Both tumor antigens and tumor suppressor proteins participate in the process of carcinogenesis, indicating that cell defenses are initiated to fight malignant transformation. Global analyses of variations in protein expression in this study suggest that an imbalance between apoptosis and cell proliferation may be a pathological reason for buccal SCC. A combinational strategy which simultaneously targets different pathways may be an effective remedy to counter this disease. Candidates proteins for targeting include SCC antigen, GNBP, GST, MnSOD, annexins, VDAC, CyP-A, stratifin and galectin 7. Although no specific biomarker for buccal SCC was found in this study, the current success in identifying a number of tumor-associated proteins proved that proteomic analysis can provide rich information to help understand the pathology of a disease in an integrated way. This type of information should lead to more rationally designed diagnostic and treatment methods, which will hopefully translate into improved patient outcome.
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